The first aim of this study was to determine if there was a significant perceptual asymmetry for syntactic prosody and if it differed from the perceptual asymmetry for emotional prosody. The second aim of this study was to determine if the observed asymmetries were the product of task demands or stimulus features. Experiment 1 consisted of a Syntactic task and an Emotional task. In the Syntactic task, subjects identified Statement and Question prosody in dichotically presented sentences. In the Emotional task, subjects identified Angry and Sad prosody in dichotically presented sentences. There was a significant left ear advantage for the Emotional task and no significant ear advantage for the Syntactic task. In Experiment 2, subjects had to perform an Emotional prosody task with the syntactic Statement and Question prosody stimuli from Experiment 1. There was a significant left ear advantage, indicating that the perceptual asymmetry was determined by task demands and not stimulus features.
Despite over 20 years of research, the hemispheric specialization for prosody has not been determined. Prosody is the information conveyed by the pitch, amplitude, and duration contours of human speech. It can convey information about a speaker's emotional state. It may indicate whether the speaker is making a statement or asking a question and whether the speaker is done speaking or intends to continue. Likewise, prosody can function as a cue for the perception of syntactic phrase boundaries (e.g., ''If you need me when you get there, call me'' vs ''If you need me, when you get there call me,' ' Bolinger, 1989; Nagel, 1994) . Prosody can distinguish between noun phrases and noun compounds (e.g., green house vs greenhouse). It can emphasize particular words for pragmatic purposes and can distinguish between idiomatic and literal interpretations of phrases (Van Lancker, Canter, & Terbeek, 1981) . In tone languages, prosody can distinguish between otherwise phonetically identical lexical items (in Thai, ''naa'' with a rising pitch tone means ''thick,'' and ''naa'' with a falling pitch tone means ''face, '' Van Lancker and Fromkin, 1973) .
This variability in processing goals that can be met by analysis of prosody patterns has complicated the issue of hemispheric specialization for prosody processing. On the one hand, studies of patients with unilateral brain damage (UBD) and studies of dichotic listening in normal adults have consistently shown that the right hemisphere (RH) is superior to the left hemisphere (LH) in the perception of emotions conveyed by prosody patterns (Blonder, Bowers, & Heilman, 1991; Bowers, Coslett, Bauer, & Speedie, 1987; Edmondson, Chan, Seibert, & Ross, 1987; Heilman, Bowers, Speedie, & Coslett, 1984; Herrero and Hillix, 1990; Hughes, Cahn, & Su, 1983; Kulikov and Sidorova, 1985; Ross, 1981; Safer and Leventhal, 1977; Shipley-Brown, Dingwall, Berlin, Yeni-Komshian, & Gordon-Salant, 1988; Speedie, Brake, Folstein, Bowers, & Heilman, 1990; Starkstein, Federoff, Price, Leiguarda, & Robinson, 1994; Tucker, Watson, Heilman, 1977; Weniger, 1984;  but for exceptions see Van Lancker and Sidtis, 1992, Tompkins and Flowers, 1985; Schlanger, Schlanger, & Gerstman, 1976) . On the other hand, the hemispheric specialization for the perception of syntactic information conveyed by prosody is not consistently associated with a hemispheric advantage. Perceptual asymmetries for syntactic prosody have been investigated in studies of UBD patients and in studies of normal young adults using the dichotic listening paradigm.
BRAIN DAMAGE STUDIES
Studies that compare control subjects to patients with right hemisphere damage (RHD) (Weintraub, Mesulam, & Kramer, 1981; Bradvik, Dravins, Hottas, Rosen, Ryding, & Ingvar, 1990 or to those with left hemisphere damage (LHD) (Blumstein and Goodglass, 1972; Baum, Daniloff, & Daniloff, 1982) report deficits in perception of syntactic prosody in both UBD groups. Only two studies have directly compared the performance of LHD and RHD patients. Emmorey (1987) found that LHD patients were impaired on syntactic prosody tasks relative to controls, but RHD patients were not significantly impaired. Heilman et al. (1984) found that LHD and RHD patients were equally and significantly impaired on syntactic prosody tasks, relative to controls. In summary, LHD patients were impaired in all studies in which they were included, and RHD patients were impaired in all studies but one (Emmorey, 1987) in which they were included.
These studies together suggest that both hemispheres can be involved in the perception of syntactic prosody. Additional direct comparisons between LHD and RHD patients are necessary to determine whether, aside from the general processing decrements that follow severe brain damage, LHD or RHD patients have specific impairments in the perception of syntactic prosody.
Several studies have investigated the effects of unilateral brain damage on the processing of tones in speakers of tone languages. Van Lancker (1980) has suggested that prosody patterns fall along a continuum from most to least linguistically structured rather than fitting into neat ''emotion'' and ''syntax'' categories. Some researchers have suggested that tones are the most linguistic of prosody patterns because the domain of these pitch contrasts is segmental (the syllable) rather than suprasegmental (the entire sentence) (Gandour, 1988) and because in tone languages, tones function like phonemes to distinguish otherwise identical words (Ryalls & Reinvang, 1986) . If the LH is specialized for the processing of linguistic prosody, this specialization should be most evident in tone perception. Four studies investigated the perception of tone distinctions in native tone language speakers with RHD relative to controls. Two of these studies found RHD patients to be significantly impaired on these tasks (Bradvik et al., 1991; Gandour, Petty, & Dardarananda, 1988) . The other two studies did not find RHD patients to be significantly impaired (Hughes et al., 1983; Gandour & Dardarananda, 1983) . Three studies investigated the perception of tone distinctions in native tone language speakers with LHD. All three studies found LHD patients to be significantly impaired on these tasks relative to controls (Naeser & Chan, 1980; Gandour & Dardarananda, 1983; Gandour et al., 1988) . Only one of these studies (Gandour & Dardarananda, 1983 ) directly compared the performance of LHD and RHD patients. In this study, LHD patients performed significantly worse than RHD patients, whose performance did not differ significantly from control subjects' performance. In summary, LHD patients were impaired in all studies, while RHD patients were impaired in two studies and were not significantly impaired in two studies. We note that the mechanisms that underlie tonal discrimination in native speakers of tonal languages are not necessarily the same as those that underlie discrimination of syntactic prosody in nontonal languages.
DICHOTIC LISTENING STUDIES
Dichotic listening studies have demonstrated left ear advantages (LEAs) for syntactic prosody contours under some experimental conditions and no ear asymmetry or right ear advantages (REAs) under other conditions. These contradictions in the literature may stem from differences in the task demands of these studies. We argue that the ''syntactic'' property of the stimuli in these studies must be defined functionally by its ability to contribute information to syntactic processing driven by task demands. In some tasks which have been labeled as assessments of ''syntactic prosody,'' task demands may not actually require the involvement of syntactic processing and, therefore, the ''syntactic'' nature of the prosody contours is functionally irrelevant. Several studies have used low-pass-filtered stimuli to isolate the prosodic acoustic parameters of speech. When a stimulus is low-pass filtered, it no longer contains any coherent lexically defined semantic or syntactic information. Under normal circumstances, prosody patterns are labeled as syntactic in nature because they contribute information to the analysis of syntactic information in speech. Subjects do not carry out analyses of syntactic information for low-pass-filtered stimuli, and, therefore, the process by which acoustic information is extracted from these stimuli may be quite different than the process used to analyze prosody in lexically intact speech. There is evidence that the processing of simple acoustic patterns and pure tones can be carried out by either hemisphere (Sidtis, 1980; Van Lancker, 1980; Efron, 1990) , but that the RH has an advantage in the perception of complex acoustic patterns and music (Sidtis, 1980; King and Kimura, 1972; Goodglass and Calderon, 1977; Bogen and Gorden, 1971; Bever and Chiarello, 1974) . Therefore, subjects may treat tasks that demand the categorization of syntactic prosody patterns in low-pass-filtered stimuli as acoustic pattern categorization tasks, which might be performed equally well by both hemispheres or might result in LEAs. This is most likely to occur in experiments in which the processing goal is not described to subjects as a linguistic goal.
Two dichotic listening studies have used lexically ''intact'' speech to assess hemisphere asymmetries in the perception of syntactic prosody in English speakers. Shipley-Brown et al. (1988) found that subjects were more accurate in categorizing syntactic prosody stimuli presented to the left ear than the right ear (LEA). However, this LEA was significantly smaller than the LEA that subjects displayed when categorizing emotional prosody. Behrens (1985) asked subjects to listen to dichotically presented compound noun/noun phrase pairs. Subjects were more accurate in identifying the prosody patterns of stimuli presented to the right ear than the left ear (REA). Both studies suggest that there is greater LH involvement in the processing of syntactic prosody than emotional prosody. However, the processing of prosody in these studies may be confounded with the direction of attention because subjects were required to respond to both left-and right-ear stimuli. To control attention, other dichotic listening studies have instructed subjects to attend to and report from only one ear per trial while presenting conflicting input to the other ear to maintain ipsilateral pathway suppression (Bryden, Munhall, & Allard, 1983; Hugdahl and Andersson, 1986; Ley and Bryden, 1982; Saxby and Bryden, 1984) .
In experiments that have dichotically tested perception of low-pass-filtered ''syntactic'' prosody, the simpler categorization and identity-matching tasks were performed equally well by each hemisphere. Blumstein and Cooper (1974) found no ear asymmetry when subjects had to identify question, statement, imperative, and conditional prosody by verbal labels and no ear asymmetry when subjects had to match dichotic-filtered question, statement, and exclamation stimuli to a binaural-filtered target. In low-pass-filtered prosody tasks that required the comparison of auditory and visuospatial information, or the comparison between two very different complex acoustic stimuli, there was an LEA (RH) advantage, perhaps because these tasks may have recruited processing systems in the RH which are specialized for visuospatial or music processing. Behrens (1985) found an LEA when subjects had to identify the location of stress in two-segment sounds. Blumstein and Cooper (1974) found an LEA when subjects had to match question, statement, imperative, and conditional pitch patterns to drawings of rising and falling patterns and when subjects had to match unfiltered dichotic question, statement, and exclamation stimuli to a filtered binaural target.
A third set of dichotic studies has addressed hemispheric asymmetries in the processing of tones in tone languages using intact speech. Van Lancker and Fromkin (1973, 1978) tested normal Thai speakers and normal English speakers with dichotic presentations of three sets of stimuli: Thai words distinguished by tone, Thai words distinguished by first consonant, and hummed Thai tones. Thai speakers demonstrated REAs for the tonally distinct words and the phonetically distinct words, but equal performance for the two ears on hummed tones. English speakers demonstrated REAs for the phonetically distinct words, but no ear asymmetry for the tonally distinct words or the hummed tones. These data support the hypothesis that when prosody information is lexically relevant, listeners process it with the left hemisphere, whereas when prosody information is lexically irrelevant, listeners treat it as an acoustic pattern and, at least for simple categorization tasks, can process it equally well with the auditory systems of either hemisphere.
In summary, there is evidence from studies of patients with UBD that suggests that both the RH and LH may participate in the perception of syntactic prosody, at least under certain conditions. The evidence from dichotic listening studies of normal individuals is inconclusive; both LEAs and REAs have been found when subjects classify prosody in intact speech (with attention uncontrolled), LEAs or equal ear performances have been found when subjects classify prosody in low-pass-filtered speech, and REAs have been found when subjects who are native tone language speakers classify tonedistinguished lexical items.
The muddle in the literature has been interpreted in two ways, according to two different theoretical perspectives:
1. Different ''subtypes'' of syntactic prosody stimuli produce different hemispheric asymmetries, and there have not been enough studies of theses types independent of one another to identify their hemispheric specialization. Instead, they have been erroneously lumped into the syntax end of the syntax/emotional prosody dichotomy (Joanette et al., 1990 ). This explanation rests on an acoustic parameter-based model of prosody processing. According to this model, certain systems within each hemisphere are specialized to process particular physical parameters of an input signal. Just as different pathways of the visual system are hypothesized to process color and motion, different pathways in the LH and RH are hypothesized to process specific acoustic components of the speech signal. There are variations of this model. One variation claims that the RH is responsible for the processing of all three prosodic cues (pitch, duration, and amplitude) while the LH is responsible for processing both the phonetic cues and the morphological and syntactic representations that combinations of phonetic cues create (Ross, 1981) . Simplified, this perspective holds that the LH processes syntactic information in the speech signal and the RH processes prosodic information. This is claimed even when prosodic information is a cue for sentence type or phrase boundaries. Another variation proposes that the RH processes pitch cues in the speech signal and the LH processes duration cues. Here, the syntactic/ emotional dichotomy is merely a by-product of the degree to which pitch and duration are used to convey information about speech. RH perceptual advantages are observed for emotional stimuli because pitch is the critical prosodic cue that differentiates emotional tones of voice. According to this model, the LH may play a greater role in syntactic prosody processing than in emotional prosody processing because duration is a more critical cue in prosodic presentation of phrase boundaries and other syntactic information. An alternative version of this model adds an element of time to the definition of the acoustic parameters of prosody: pitch and duration information that is contained within segments is processed by the LH, but the patterns of pitch and duration information that are distributed across whole phrases or sentences are processed by the RH. This would be the prosody equivalent of detailed, sequential processing in the LH and holistic processing in the RH. 2. The inconsistent effects reported in dichotic listening studies and brain damage studies reflect the fact that while [the tasks involved in these studies] all make use of syntactic acoustic stimuli, [they] differ considerably in the degree to which they require syntactic processing. As suggested in the above discussion of low-pass-filter paradigms, these studies found no REAs because the tasks used in them required no syntactic goal-directed processing.
The present study is an attempt to determine which of these models of hemispheric asymmetry best accounts for the perceptual asymmetries observed in the processing of prosody. The experiments in this study were guided by two objectives:
1. To determine if there is a significant ear advantage for syntactic prosody and if this ear advantage differs from the ear advantage of emotional prosody. To achieve this objective, we used intact, meaningful sentences while controlling the direction of attention. 2. To determine if the observed ear advantages are the product of task demands or stimulus features.
EXPERIMENT 1
Experiment 1 tested the ability of normal English-speaking subjects to identify statement or question prosody in syntactically and semantically intact sentences presented in a dichotic listening paradigm that controlled for attentional bias. Response times for the categorization of these syntactic prosody patterns were compared with response times for emotional prosody patterns (angry/sad). If the RH is specialized to process prosody, regardless of whether the information it conveys is syntactic or emotional, then both the syntactic categorization task and the emotional categorization task would produce an LEA (RH advantage). However, if the RH is specialized for nonsyntactic prosody processing and the LH is specialized for syntactic prosody processing, then the syntactic categorization task would produce an REA (LH advantage) and the emotional categorization task would produce an LEA (RH advantage). It is important to note that although these tasks have been labeled syntactic and emotional, this labeling is not meant to imply an absolute dichotomy of prosody categories. Rather, these labels reflect the relative location of these tasks on an emotional/syntactic or suprasegmental/ intrasegmental task continuum (Van Lancker, 1980) .
Methods
Subjects. The subject sample consisted of 16 male and 16 female University of Chicago undergraduate and graduate student volunteers. Subjects were native speakers of standard North American English who reported no speech or hearing disorders. To assess handedness, we asked subjects to complete a questionnaire containing five items from the Edinburgh Handedness Inventory (Oldfield, 1971; McFarland & Anderson, 1980) . All subjects were strongly right-handed. While family sinistrality and the degree of right-handedness were measured, we did not include these data in the present analyses. Hearing acuity was tested for each subject's left and right ears, using a Beltone 12-D Audiometer, for 125 to 4000 Hz. Subjects were rejected if they displayed ear acuity asymmetries larger than 10 dB for any tone.
Subjects were paid $5.00 for their participation in this experiment. The entire procedure took approximately 30 min.
Stimulus generation. Ninety-six declarative sentences of four to seven syllables were generated (for example, ''She won the prize,'' ''The boys sailed on the lake,'' ''The police have called''). All sentences were semantically compatible with angry, sad, statement, and question prosody readings. The sentences were recorded by a male speaker with a slight New England accent. The speaker read each of the 96 sentences in an angry, sad, declarative, and interrogative tone of voice (for a total of 384 stimuli). The sentences were digitized in 16-bit stereo at a sampling rate of 16 kHz.
The mean amplitudes of all signals were set to the mean amplitude of the lowest signal, 63dB, to balance mean amplitude across stimuli. At this point, there were two sources of pitch variation between stimuli; the average pitch of each sentence differed, and the shape and range of pitch contours within each sentence differed. While both of these differences contribute to meaningful prosody patterns (Van Lancker & Sidtis, 1993) , we were concerned that subjects could rely on differences in average pitch to discriminate between stimuli belonging to different categories without actually having to process the more complex prosodic pattern. Consequently, we resynthesized the sentences to match them on mean pitch. Each sentence was analyzed to extract Linear Prediction Coding (LPC) parameters describing the moment-by-moment pitch, formant structure, amplitude, and voicing. We modified the pitch parameters to equate mean pitch but retain the pitch inflections. We then resynthesized the sentences from the edited parameters using an LPC synthesizer (Markel & Gray, 1976) .
In order to verify that the prosody pattern differences were sufficiently preserved after this source of variation was removed, we asked eight paid volunteers to identify the prosody of each stimulus under untimed binaural presentation. The volunteers categorized them as angry/ sad/other and statement/question/other. Based on these data, we eliminated those sentences that were ''miscategorized'' by two or more subjects. We also eliminated those sentences for which more than two subjects consistently rated the sentence as ''other.'' This process left us with 80 sentences.
The babble stimuli were created by mixing together eight recordings of four different male speakers reading from popular works of fiction in a room with background voices. The average amplitude of these mixes was set to 63dB. Sections of this babble were cut to match each prosody stimulus in length and were paired with that stimulus to create two-channel dichotic stimuli.
Procedure. Subjects always completed the handedness questionnaire and audiometer testing before the dichotic tasks. There were two dichotic tasks, the Syntactic task and the Emotional task. The order of task presentation was counterbalanced across subjects. In most dichotic studies, stimuli are presented to each ear, even if the subject is instructed to attend to only one of these stimuli. This procedure is potentially flawed. Dichotic competition may be compromised if two different sentences are presented simultaneously because differences in length and pauses within the sentences might create intrastimulus periods of monaural stimulation. Consequently, the present experiment paired prosodic sentences dichotically with verbal ''babble'' created by mixing several voices together. Phonetic stimuli paired dichotically with babble have been shown to yield the expected REA, while emotional prosodic stimuli paired dichotically with babble yield the expected LEA (Haggard & Parkinson, 1971 ).
In the Syntactic task, subjects were instructed to attend to the left ear for one block of 20 trials and to attend to the right ear for one block of 20 trials. The order of attention to ear was counterbalanced across subjects. Subjects were told that they would hear sentences read by a male speaker in the attended ear and the babble stimuli in the unattended ear. They were told to ignore the babble stimuli because there was no useful information in them, but that they were included to make the task harder. The subject had to decide whether the speaker was making a statement or asking a question. When a decision was made, the subject pressed a key on the keyboard labeled ''statement'' or ''question.'' The hand used to respond, and the relative location of keys labeled ''statement'' and ''question'' were counterbalanced across subjects. Subjects were informed that their responses would be timed, that they should respond as soon as they had made a decision (even if the sentence had not ended), and that they should respond as quickly as possible without sacrificing accuracy.
The instructions for the Emotional task were exactly the same as the instructions for the Syntactic task, with the exception that, in the Emotional task, subjects had to decide whether the speaker sounded ''angry'' or ''sad'' and press the appropriately labeled key.
The dichotic tasks were conducted on a Power Macintosh 8100/80AV, using the Psyscope software package for stimulus presentation and response recording. Stimuli were presented through Sennheiser headphones. Sentences were played out with 16-bit resolution at 16 kHz at a comfortable listening level. There were two blocks of trials for each task-a left earattended block and a right ear-attended block. Each block contained 10 trials of each prosody type (i.e., question and statement or angry and sad). Within each task, all sentences were presented in each prosody pattern across subjects, but individual subjects heard each sentence only once. The order of sentence presentation was random. Within each trial, a 100-ms pause was followed by a 500-ms presentation of the word ''Ready'' in the center of the monitor. There was a 500-ms pause following the termination of the ''Ready'' prompt, and then the auditory stimuli were presented dichotically. The trial ended when the subject made a response by pressing a labeled response key. Response times were recorded from the onset of the auditory stimuli. 
Results
For the syntactic task, subjects were 96% accurate in classifying stimuli presented to the left ear and 94% accurate in classifying stimuli presented to the right ear. For the emotional task, subjects were 98% accurate in classifying stimuli presented to the left ear and 96% accurate in classifying stimuli presented to the right ear. Response times for incorrect responses and responses with latencies above or below two standard deviations from each subject's grand mean were excluded from analysis. Raw mean RTs, logtransformed mean RTs, and raw median RTs were analyzed, with the same pattern of results. Therefore, only the analyses of the raw mean RTs are discussed. A repeated-measures ANOVA was conducted with Sex (Male, Female), Group (sentence counterbalancing conditions 1,2,3, and 4), and Response Hand (Left or Right) as between-subject variables, Task (Emotional, Syntactic) and Ear (Left, Right) as within-subject variables, and mean RT as the dependent variable. There were no significant main effects of Sex, Group, or Response Hand, and these factors did not interact significantly with any other factors. There was a significant main effect of Ear [F(1, 26) Response times to right-ear stimuli were also significantly faster on the Emotional task than on the Syntactic task [F(1, 30) ϭ 6.9, p Ͻ .02]. These RT differences between the two tasks either indicate that the Syntactic task was more difficult than the Emotional task (for both hemispheres) or that the prosody information necessary to perform the Emotional task was available earlier in the sentence than the prosody information necessary to perform the Syntactic task. Emotional prosody information may be distributed across the sentence, while questions are often distinguished from statements with prosody only by a rising inflection of the final syllable (Bolinger, 1989) .
Discussion
As expected, the results of the first experiment showed an LEA (RH advantage) in the performance of the Emotional task. The results also showed, however, that there was no significant difference between the left-ear and the right-ear performances in the Syntactic task. These results suggest that the LH is more involved in the syntactic processing of prosody than in the emotional processing of prosody. Nonetheless, the relative roles of the LH and RH in syntactic prosody processing are still somewhat ambiguous. We suggest two plausible explanations of these results:
1. The perceptual asymmetry was determined by hemispheric specialization for goal-directed processing of prosody. This Statement/Question discrimination task may fall along the Emotional/Syntactic task continuum at a midline point so that the task can have both syntactic and emotional goals. While we recorded the syntactic stimuli to be emotionally neutral, one can argue that que-clarative questions (sentences with statement syntax but read as questions) have an inherent emotional correlate: surprise (for example, ''The man is fat?''). This may be both a pragmatic correlate (i.e., in conversations, que-claratives are used when the speaker is surprised) and an acoustic correlate (i.e., both surprise and que-claratives tend to be conveyed prosodically by rising pitch on the final word or syllable). Functionally, these correlations may mean that the emotionally neutral statements could be discriminated from the questions using an RH-specialized emotional task strategy, an LHspecialized syntactic task strategy, or both. Under these conditions, no perceptual asymmetry would be predicted.
2. The hemispheres are specialized to process particular physical parameters of input signals. There was no perceptual asymmetry for the syntactic task because the prosody patterns that convey the Statement/ Question discrimination contain both LH-specialized acoustic parameters (e.g., duration cues) and RH-specialized acoustic parameters (e.g., pitch cues). According to this explanation, there was an LEA (RH advantage) for the emotional task because emotional prosody contains more RH-specialized cues than LH-specialized cues.
Experiment 2 was designed to test these two explanations by manipulating task goals while holding the signal (acoustic cues) constant.
EXPERIMENT 2
In Experiment 2, the syntactic stimuli from Experiment 1 (statement, question) were used, but now subjects were instructed to identify the syntactic stimuli according to emotional categories (neutral, surprise). If the ear asymmetry produced by the emotional task of Experiment 1 was due to the emotional processing demanded by the task, and not the acoustic features of the emotional stimuli, then altering the features of those stimuli should not alter the ear asymmetry produced by the task. In Experiment 2, we altered the acoustic features of the stimuli by replacing the Experiment 1 emotional stimuli with stimuli which were recorded to differ according to ''syntactic'' prosody features (i.e., the statement and question stimuli from the Syntactic task in Experiment 1). In other words, Experiment 2 paired Emotional task demands with syntactic stimulus features. If task demands determine perceptual asymmetry, there should be an LEA, just as in the Emotional task of Experiment 1. If stimulus features determine perceptual asymmetry, there should be no ear asymmetry, just as in the Syntactic task of Experiment 1.
Methods
Subjects. The subject sample consisted of 24 male and 26 female University of Chicago undergraduate and graduate student volunteers. Subjects were native speakers of North American English who reported no speech or hearing disorders. Handedness and hearing acuity were assessed as described for Experiment 1.
The data from two female subjects were rejected for analysis. One subject reported that she had written with the left hand until adolescence. Experimental equipment malfunctioned during the testing of the second excluded subject.
Subjects were paid $5.00 for their participation in this study. The entire procedure took approximately 30 min.
Stimuli. The angry, statement, and question stimuli from Experiment 1 were used in Experiment 2. The babble stimuli from Experiment 1 were also used in Experiment 2. The angry stimuli were included to ensure that subjects were using an emotional-based decision strategy and not simply translating neutral to statement and surprise to question (and using a syntactic strategy). Because the angry stimuli are also statements, a syntactic strategy would not produce accurate discrimination of angry and neutral stimuli.
Procedure. Subjects always completed the handedness questionnaire and audiometer testing before the dichotic task, as in Experiment 1. In the dichotic task, subjects were instructed to attend to the left ear for one block of 36 trials and to attend to the right ear for one block of 36 trials. The order of ear attention was counterbalanced across subjects. The first two trials in each block were practice trials.
Task instructions were identical to the Emotional task instructions of Experiment 1 with the exception that the subject was given a three-way forced choice task. Subjects were instructed to decide whether the speaker sounded ''angry,'' ''surprised,'' or ''neutral'' and press the appropriately labeled key. Subjects were instructed to use the right (or left) index finger to make all responses and to rest the finger in a neutral position between responses.
Each block (left-ear attended and right-ear attended) contained 12 trials of each prosody type. All sentences were presented in each prosody pattern across subjects, but individual subjects heard each sentence only once. The order of sentence presentation was random. Stimulus presentation and response recording were the same as for Experiment 1.
Results
Overall average accuracy was 90.5%. For the left ear, average accuracy was 91%, and for the right ear, average accuracy was 90%.
Response times for incorrect responses and responses with latencies above or below two standard deviations from each subject's grand mean were excluded from analysis. Mean RTs for Surprise (Question) and Neutral (Statement) conditions were submitted to an ANOVA with Sex (Male, Female), Response Hand (Left, Right), and Ear Order (Left Ear Attended First, Right Ear Attended First) as between-subjects factors, and Ear (Left, Right) and Prosody (Surprise, Neutral) as within-subjects factors. The Angry condition was omitted from this analysis because only the Surprise and Neutral conditions were relevant for comparisons between Experiments 1 and 2. The same analysis was also carried out on log-transformed RTs, but because the results of the two analyses revealed the same pattern of significant effects, only analyses of the raw RTs are presented here.
In a preliminary analysis, the factors of Sex and Response Hand did not approach significance in any main or interaction effects (F Ͻ 2.0, p Ͼ .15). Therefore, these factors were removed from the final analysis, leaving Ear Order as the only between-subjects factor. There was a main effect of Ear [F(1, 41) ϭ 7.11, p Ͻ .02; Fig. 2 ]. RTs to left ear stimuli (1710.4 ms) were significantly faster than RTs to right ear stimuli (1812.8 ms). There was a significant main effect of Prosody [F(1, 41) ϭ 5.38, p Ͻ .025]. RTs to Surprise stimuli (1725.3 ms) were significantly faster than RTs to neutral stimuli (1797.9 ms). The main effect of Ear Order was not significant.
There was a significant interaction between Ear Order and Ear [F(1, 41) ϭ 32.64, p Ͻ .0001, Fig. 3] . No other interactions were significant. Bonnferroni post hoc analyses (6 comparisons with 41 degrees of freedom) revealed that when subjects heard Left Ear stimuli in the first block of trials, the difference between RTs to stimuli presented to the Left Ear (1728.8 ms) and the Right Ear (1617.3 ms) was not significant (t ϭ 2.13; p Ͼ .05). When subjects heard stimuli in the Right Ear on the first block of trials, RTs to Left Ear stimuli (1692.9 ms) were significantly faster than RTs to Right Ear stimuli (1999.5 ms) (t ϭ 6.0, p Ͻ .05). For RTs to Left Ear stimuli, the effect of Ear Order was not significant (t ϭ .69, p Ͼ .05). For RTs to Right Ear stimuli, subjects who heard Right-Ear stimuli in the second block of trials (1617.3 ms) were significantly faster than subjects who heard Right Ear stimuli in the first block of trials (1999.5 ms) (t ϭ 7.4, p Ͻ .05).
Within the first block of trials, subjects who heard Left Ear stimuli (1728.8 ms) were significantly faster than subjects who heard Right Ear stimuli (1999.5 ms) (t ϭ 5.23, p Ͻ .05). Within the second block of trials, the difference in RTs between subjects who hears Left Ear stimuli and subjects who heard Right Ear stimuli was not significant (t ϭ 1.46, p Ͼ .05).
To further explore the relationship between Ear and Ear Order, we conducted an analysis of covariance in which the variance in RTs associated with Ear Order (dichotomized as 0 and 1) was statistically removed. Ear (Left, Right) and Prosody (Surprise, Neutral) were the within-subject factors. There was a significant main effect of Ear [F(1, 40) To determine whether the Ear ϫ Ear Order interaction was unique to the two-block procedure used in Experiment 2, or was a function of emotional prosody processing in general, we conducted an additional analysis of the RTs for the Emotional task in Experiment 1. We submitted these RTs to an ANOVA with Ear Order (Left Ear First, Right Ear First), and Task Order (Emotional Task First, Syntactic Task First) as between-subject factors, and Ear (Left, Right) and Prosody (Angry, Sad) as within-subjects factors. The two-way and three-way interactions involving Ear, Ear Order, and Task Order were not significant. These results suggest that the four-block design of Experiment 1 eliminated any significant effects of Ear Order.
Discussion
The results of Experiment 2 indicate that Emotional task demands result in an LEA regardless of whether the stimuli are labeled ''syntactic'' or ''emotional.'' In other words, task goals determined the perceptual asymmetry rather than the acoustic parameters of the input signals.
The Ear ϫ Ear Order interaction was an unexpected and rather interesting finding. Essentially, there was a great cost associated with the presentation of input to the unspecialized LH in the first block, but not in the second block. Perhaps it is easier for subjects to develop and implement a successful processing strategy when relevant input is received directly by the specialized hemisphere than when only the unspecialized hemisphere receives rele-vant input (a rather unusual occurrence). Once that strategy has been implemented in the first block of trials, however, it may be easy for subjects to cope with right-ear (LH) stimulus presentation in the second block of trials.
EXPERIMENT 1 AND 2 COMBINED ANALYSES
There are two critical questions that we have attempted to answer by comparing Experiments 1 and 2. First, do different task demands induce different perceptual asymmetries for the processing of physically identical stimuli? Second, do the same task demands induce similar perceptual asymmetries for the processing of physically different stimuli?
To address the first question, we submitted RTs for the Statement and Question stimuli from Experiment 1 and RTs for the Neutral and Surprise stimuli from Experiment 2 to an ANOVA. It is important to remember that the Statement and Neutral stimuli are physically identical, and that the Question and Surprise stimuli are physically identical-only the task instructions were different. This ANOVA was conducted with Task (Experiment 1 Syntactic, Experiment 2 Emotional) and Sex (Male, Female) as between-subjects factors and Ear (Left, Right) and Prosody (Statement/Neutral, Question/ Surprise) as within-subjects factors. There was a significant main effect of Task [F(1, 63) ϭ 6.27, p Ͻ .02; Fig. 4 ]. RTs for the Experiment 1 Syntax Task (1559.2 ms) were significantly faster than RTs for the Experiment 2 Emotional Task (1761.6 ms), which is expected, since a three-way discrimination was required in Experiment 2 and only a two-way discrimination in Experiment 1. There was a significant main effect of Prosody [F(1, 63) ϭ 12.42, p Ͻ .0008]. RTs to Question/Surprise stimuli (1650.4 ms) were significantly faster than RTs to Statement/Neutral stimuli (1727.9 ms). The main effects of Sex and Ear were not significant.
There was a significant Task ϫ Ear interaction [F(1, 63) ϭ 4.05, p Ͻ .05, Fig. 5 ]. No other interactions were significant. Planned means comparisons revealed that for Experiment 1 (Syntactic task), there was no significant difference between RTs to left-ear stimuli (1577.5 ms) and to right-ear stimuli (1540.9 ms) (t, 63 ϭ .66; p Ͼ .05). In other words, in Experiment 1 we found no ear asymmetry for the syntactic task, using the syntactic stimuli. For Experiment 2 (Emotional task), RTs were significantly faster for leftear stimuli (1710.4 ms) than for right-ear stimuli (1812.8 ms) (t, 63 ϭ 2.47; p Ͻ .05). That is, in Experiment 2, we found a left ear advantage for the emotional task, using the same syntactic stimuli used in Experiment 1. In summary, different task demands do induce different perceptual asymmetries for the processing of physically identical stimuli.
To address the second question (Do the same task demands induce similar perceptual asymmetries for the processing of physically different stimuli?), we submitted the Emotional task RTs for the angry and sad stimuli from It is important to note that while the LEAs in the emotional tasks of Experiments 1 and 2 were significant, some subjects showed reversed or no patterns of asymmetry (Table 1) . Nonetheless, for most subjects, the change in task demands altered the observed ear advantage. In summary, different tasks did produce different asymmetries, but different stimuli did not produce different asymmetries.
GENERAL DISCUSSION
The first objective of this study was to determine if there is a significant ear advantage for syntactic prosody and if this ear advantage differs from the ear advantage for emotional prosody. The ear advantage for the emotional and syntactic tasks did differ, which lends support to the notion that functionally different prosody tasks are processed differently by the brain. However, we did not find significant perceptual asymmetry for the syntactic prosody task used in this study. This result suggests either that both hemispheres contribute to the processing of syntactic prosody or that the degree of syntactic processing required by this task was not sufficient to differentiate LH and RH involvement. Future research must determine whether increasing the syntactic complexity of the task increases LH involvement relative to RH involvement or if both hemispheres continue to show insignificantly different involvement. If both hemispheres contribute to the perception of syntactic prosody, it must be determined whether they conduct similar processing or whether each conducts a different kind of processing. It would also be necessary to determine whether both hemispheres contribute to the processing of syntactic prosody under normal listening conditions, when input is directly available to each hemisphere.
The second aim of this study was to determine whether the LH and RH are specialized for the processing of particular acoustic features, which differ for ''emotional'' and ''syntactic'' prosody, or whether the LH and RH are specialized to use prosodic information to achieve different processing goals (i.e., emotional or syntactic). It is known that the acoustic cues which convey syntactic information can differ from those that convey emotional information (Bolinger, 1989) . Clearly, there may be differences in the hemispheric specialization for the perception of these acoustic cues (Behrens, 1985) . However, the data reported here support the complementary idea that the dynamic goals and strategies of processing can also determine hemispheric asymmetry in prosody perception.
